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A STUDY OF BRAILLE PRODUCTION, DISTRIBUTION, AND USE 

Louis Goldish 



S i nee it is not poss i b I e here to go i nto all the deta i I s that will be 
contained in my thesis, I would rather just give a rough outline of what it will 
contain. 



Purpose of the Study 

One might ask why is this study being made and why is the study of the 

market so important. Let us say we were in the consumer appliance business, and 

we came up with a rather radical idea; for example, let us put newspapers on 
microfilm and have people read them at home on microfilm readers, so that we 
can get rid of bulky newspapers. We would probably want to do a fairly good 
market survey to find out who would want such a system, whether it would sell, 

how much people would be willing to pay for it, and other details. 

We, here at the Braille Conference, are trying to do Just that - we’re 
trying to introduce new ideas into a century-old Braille production system. The 
Braille market and the Braille production system are characterized by diverse 
needs, limited finances, and many social, political, and emotional factors. 

Many of the concepts we have come up with to institute into this system are 
complex and expensive, and many may require extensive changes in the Braille 
production system or in some of its organizations. 

The success of our developments, no matter how efficient or technolo- 
gically capable they may be, will ultimately depend on how the market accepts 
them. For example, with the microfilm reader idea, people might be more 
willing to spend ten cents and run the risk of dunking their newspapers into 
the morning coffee than to spend a dollar to get a nice compact system. Also, 
just the very idea of having to equip each home in the United States with a 
microfilm reader would take considerable effort in itself. 



On the same tack, we might ask ourselves just how many people would 
want to use a $1,500 Brail le embosser. Thus, we must study the market to find 
out what changes are needed, can the changes be made, and what we can we do 
so that efficient and economical Braille production will result. Economical 
production is just as important as efficient production; we do not want to 
price ourselves right out of the market. 



Scope of the Report 



As far as the scope of the report is concerned, it will be an overall 
view of Braille use, production and distribution. It is being written to 
appeal to four groups of people. First is the insider in the Braille production 
system; he wants to know what is the overall market for Braille, what devices 



















are available, what is the cost of these devices, and what is the direction 
that research is taking. The second group the report is aimed at is the new 
entries into the Braille production system who, let us say, are just entering 
one of your organizations. The report will give them some background and 
insight into the way the Braille production and distribution system works. 

The third group is the interested layman who wants to find out what the Braille 
production system is like. Those groups, such as the government, concerned with 
financing Braille production, can learn something of the system with which they 
are concerned. And, lastly, the report is aimed at a very important group - the 
technically oriented people - who might want to help by building devices or by 
giving ideas for Braille production devices, but who are not quite sure exactly 
what the market is for such devices, who "ould use them, and what the major 
problem areas are which need research. 




Contents of Report 



The first chapter covers Braille - its uses and its problems - in- 
cluding the need for Braille, why it cannot be completely replaced by talking 
books, who uses it, and for what purposes. It is remarkable how few people 
know that Braille being used today does not have a one-to-one correspondence 
with English. Even some of the people that are building devices have very 
little idea of the difficulties entailed in producing Grade 2 Braille. 
Therefore, the report contains a brief description of the complexities of the 
Grade 2 Bra i I I e code. 

This chapter also covers systemic problems in Braille - problems 
arising from the general nature of the Braille system. The first problem 
area is transcription complexities, the fact that Braille requires skilled 
brail lists, and that what is needed is either to make It easier for someone 
to learn correct Braille or to make it easier for someone with less skill to 
produce accurate Braille. 

The second problem area is production - how can the output of Braille 
be speeded up. We know that present Braille transcription is very slow, and 
that anything we can do to increase the speed of transcription would be very 
hel pfu I . 



The third problem area is distribution - try 
from where they are made to where they are read. This 
at present takes a iong time. 



ng to get the books 
is quite a problem. 



and 



Finally, there are storage and display problems. A Braille library 
now takes a very large amount of space to store even a moderate number of 
volumes. Perhaps as some people have suggested, it might be advisable to 
place some of the volumes on punched paper tape, especially those that are 
not very widely circulated, and to print one out on throw-av/ay-type copy 
every time a request comes in, rather than having to store heavy, rugged 
books produced for library copy. 

The second chapter, which will be covered in more detail later, is 
concerned with the market for Braille, First covered is the blind market - 










■ilHlIiliill 




essentially, who are the blind market, how is it growing, and what are the 
trends in it. Then, the size of the Braille market, who actually reads 
Braille, and finally the characteristics of this market - the economic and 
social characteristics of the people in it. 

Chapter three covers the sources of Braille - the producers, 
brail lists, brail lists groups, Braille presses and publishers -■ in order to 
give some indication as to their output and the problems they encounter. 

Also covered is Braille book source information - the union catalogs and 
both public and private clearing houses and libraries. 

The tour+h chapter contains the method and costs of producing 
Braille. This includes a model of the Braille production and distribution 
system to explain exactly how the flow of material is maintained through the 
system, and also a discussion of the present production methods both for 
hand produced copy and for press Braille. 

Chapter five contains the technological advances in Braille, Includ- 
ing a compendium of the advances that have been made in the Braille production- 
distribution system, the devices, techniques, and computer programs. Informa- 
tion on these will include the type of personnel needed, the equipment needed, 
the costs of these devices, including producing costs, operating costs, and 
maintenance costs, special accommodations that will be needed for these new 
systems, and perhaps a few types of integrated system design. 

The sixth chapter will cover the effects of innovation on Braille 
production. These will include the effects other than technical. For example, 
there are political aspects; if we have a centralized Braille production system 
who wi I I coordinate it and who will be in charge of operating the system as to 
indicating who performs which type of duties? There are' social apsects; the 
brail I 1st to Braille reader relationship is quite personal at present, and 
if we go to more automation there may be some changes in this. Finally, the 
economic aspect; Braille volunteers require little support, while Braille 
translating computers require quite a bit of support. Where will this money 
come from? This chapter will also cover the market for new devices. For ' 
example, how many high-speed braillers can be used? How many Braille trans- 
lating computers can be used? Shall there be one in a central place, or a 
few small ones in distributed locations? 

Lastly, the seventh chapter will contain recommendations, not 
necessarily for complete system design, but for considerations of the trade- 
offs that will be encountered in designing such systems. 

Model of the Braille Production System 



And now to cover in a little bit more detail some of the content 
of these chapters. For example, the model of the Braille system that has been 
developed Is shown in here in exhibit I (exhibit one shown to group). This 
shows the various phases of input, production, and distribution in the Braille 
system, and what flows into and out of these various elements. Notice also 






that the system is contained in a political, economic and social environment. 

Under present conditions, each of these functions is usually taken care of by 
one group - either the Braille press or the brail I 1st volunteer group. How- 
ever, for easier study of new devices, the model is helpful because many of 
these functions can be separated. For example, input devices might be tape 
punches or card punchers located quite remotely from the place where the 
production or translation is actually accomplished. The production function 
might be carried out by one main computer or a bunch of little computers, 
either of which can be considered separately. And finally, the distribution 
function may be performed by remote braillers, by libraries, or by mail-order 
houses, each of which can be studied separately. Breaking the system up this 
wav also makes for easier cost analysis for each of the elements of the Braille 
production and distribution system. 

The Market for Braille 

One of the very detailed studies in the report is the market for 
Braille; who uses it, who reads it, and who might take advantage of the new 
devices available. Of the major statistics on the blind are Dr. Hurl in’s 
analyses of the total bl ind in the country, in which he says that at present 
there are approximately 400,000 legally blind in the United States. The sys- 
tems under concern, however, are considered mainly with the actual people who 
read Braille. The percentage break-down of Braille readers in the legally 
blind populations are shown in exhibit 2 (exhibit 2 shown to group). Notice 
that those 65 and over comprise almost half of the legally blind in this country. 
Analysis of the figures indicates that approximately 40,000 people in this country 
read Braille and approximately 33,000 use it actively. Therefore, in designing 
any Braille production-distribution system, we must consider the fact that our 
market is not that large. First, we should not design a system that will cost 
too much to be supported by 33,000 people, and second, we should not make it 
have so much excess capacity that a good portion of it will never be used. 

Exhibit 3 (exhibit 3 shown to group) shows the market segmentation of 
the Braille readers, including the numbers in each segment, their requirements, 
their economic status, and predicted growth or changes in each of these seg- 
ments. The movement of those suffering from retrolental fibro p Iasi a provides 
a very important consideration for the Braille market, because we must neither 
over-plan nor under-plan for them. We must know that they are moving through 
the system. It should be noted that, while the number of blind will probably 
grow approximately as the general population, the increased use of recorded 
material plus the various difficulties involved in reading and obtaining Braille 
will probably decrease the actual percentage of Braille readers among the legally 
blind. Also, the trend toward sight utilization, rather than sight preserva- 
tion, will further decrease the absolute percentages of Braille readers among 
the I ega My blind. 

The active market for Braille in the next ten years will probably 
consist of approximately 50,000 readers, with the major demands being for 
elementary school textbooks, secondary school textbooks and college texts, as 
well as current reading material. The number of aged blind and their percentage 
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will probably grow as blindness becomes increasingly an "old age disease". 

The low propensity of this group for learning Braille and for using it indi- 
cates that we should not work with absolute figures of the blind but with the 
actual number of Braille readers. The bulk of the retrolentals are presently 
moving through highschool and will be entering college shortly, so that we do 
know there will be a large demand in this segmeni soon, and in a few years 
hence theii' demand will be felt in the professiona i-and-business-mater iai 
category. 

Cone I us ion 

While no detailed statistics are given in this description, the 
actual report does contain rather extensive statistics on the market, on 
Braille readers, on Braille producers, and on the Braille system, as well as 
the descriptions of devices, procedures, and their costs. 

The major service to be performed by this report is that we must 
now that we must give good consideration to the devices we are developing. 
Consider their costs, their uses, their probable market, their maintenance 
and reliability, their impact on the Braille market, and the problems we may 
have in getting some of our devices accepted. We must be realistic and look 
at our devices not only from the technical point of view, but also from a 
point of view of a reader who is going to use these devices and' from one who 
must financially support this system. While the devices may be technologically 
excellent, if they cannot be accepted by the consumer they have no value. 

In the consumer market, a company which has come out with a poor 
product can take a loss "fhis time" and make it up in profits the next. In 
the Braille business, we have no profits that we can afford to lose. We need 
all the money we can get and we must give as good service as we possibly can. 
Therefore, an extensive study of what is being done before a great deal of 
money is spent on implementing it will make it easier to insure that economic 
and efficient Braille production will result from our present efforts. 
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AUTOMATED BRAILLE AND THE PROFESSION OF PROGRAMMING FOR THE BLIND 

Dr. Theodor D. Sterling 



Recent years have seen a phenomenal growth of professional oppor- 
tunities for qualified blind persons in occupations related to programming 
computers. Many heretofore "under employed" and also "under trained" blind 
persons have been able to participate in the development and execution of pro- 
cedures to solve business and scientific problems using high speed processors. 

The interesting earmark of this growth has been that it was made possible, 
almost overnight, by the invention of techniques that lead to rapid communica- 
tions between the computer and the blind programmer by embossing in readable 
Braille all of the many voluminous communications of the machine to the pro- 
grammer or user. The embossing is' done by the same high speed printer that is 
a routine peripheral device for most computers. 

Prior to 1962, a very small number of highly motivated and able blind 
individuals managed to gain a foothold in the computing profession. Bauman and 
Yoder(l) find three programmers employed in the industry during that year. These 
individuals had to rely heavily upon the good offices of colleagues, clerks, and 
others to mediate constantly between their needs and their ability to read large 
amounts of computer generated printouts. Prior examinations of this field by 
rehabilitation specialists had led to relative negative conclusions concerning 
the ability of this profession to absorb large numbers of blind trainees. The 
major obstacle facing the potential programmer who is blind was that work with 
computers required reading of voluminous materials produced by the processor 
during the development of any programming system. 

Most of the Job of a programmer consisted not of writing a program 
(which a blind person could certainly learn to do without undue difficulty) but 
in debugging it afterwards. In this process (which may and usually does require 
between five to forty runs on the machine) the programmer attempts to assemble 
his program on the computer and receives, in turn, voluminous output which he 
has to study carefully and which he uses to find errors and unsuitable state- 
ments in the program. After the program has been assembled, there is still a 
need to check the accuracy of results and study printouts of partial computa- 
tions, contents of the memory, and so on. It was obvious that unless a blind 
person would have quick access to translation in a form suitable to him, he 
could not participate in this type of work. 

In 1963, work was done at the University of Cincinnati to utilize 
the high speed printer for the production of readable embossed Braille. It 
turned out that a simple method existed by which a readable Brail le can be 
produced on the high speed printer without major modifications to the mechanism. 

The high speed printer most frequently in use in the country is the 
1403 printer designed and manufactured by the IBM Corporation, in this printer, 
a row of 132 hammers (the number may vary for different models) strike simul- 
taneously against a rapidly revolving chain consisting of alphabetic, numeric. 
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and other symbols. When the proper characters to be printed are opposite a 
hammer, it strikes against that letter, forcing a continuous strip of paper 
along. The impact between chain and hammer has sufficient force to produce 
as many as five or six carbon copies. 



It turned out that by using a high pressure setting, an indentation 
could be made in the paper which could be felt by a blind person. By using 
proper back-up materials, this indentation can be enhanced. The two favorite 
back-up materials seem to be an inch wide strip of garter belt o'** a strip of 
corn plaster of the same width. The strips can be affixed permanently to the 
high speed printer without interfering with its operations. Of all the symbols 
on the print chain, the asterisk and period make the best indentation. These 
indentations result in a raised dot on the opposite side of the paper. While 
the resulting Braille is not as good as that produced by Perkins writer for 
instance, it is good enough to permit reading and will stay intact for a rela- 
tively long period of time. 



Using this embossing quality of the high speed printer, programs can 
be written that translate the alphabetic and numeric characters usually pro- 
duced by the printer into their Braille equivalents. This translation is done 
on the high speed processor as part of the assembly program so that the printer 
receives the proper impulses from its associated processor. Braille symbols 
are printed out (or embossed) in mirror image. The programmer then turns the 
paper to its opposite side and reads the raised dots as ordinary Braille. 



The comprehensiveness with which translations of computer printout 
can be programmed and reformatted into Braille varies. A discussion of the 
process of producing Braille is given by Sterling et al. (4). A sophisticated 
translation and formatting system is described by Landwehr and McLaughlin (3) 
and a detailed job description and use of the embosser is described in a 
brochure circulated by the Association for Computing Machinery (2) and by a 
report of the Cincinnati project (5). 



The ability to produce a communication in Braille between the computer 
and programmer removed in one action most of the obstacles between the blind 
individual and this profession. In essence, this high speed printer-processor 
combination represents perhaps the first reading machine in routine use. While 
it is true that a number of other aids were constructed to enable the blind 
programmer to extend his operations (such as a card reader or a console probe, 
which are described in (4)) these were of much smal ler impact on the profession. 



After the doors for professional work were opened by providing the 
blind programmer with a fast and efficient reading machine, training and 
placement proceeded very rapidly. There are now a number of places in the 
country where training is given routinely so that each year 40 to 50 blind 
candidates are being prepared for work in this profession. Most of them find 
employment almost immediately. Using similar techniques, training and place- 
ment of blind programmers is done with equal success in Canada, England, Holland 
and Israel . 



It is noteworthy that the embossing qualities of the high speed 
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printer are used in a much wider context than just to make blind individuals 
able to program. During the training of candidates, materials to be read and 
studied are routinely formatted and embossed on the computer. It is useful to 
provide the student with a library of printouts of previously debugged programs 
for study purposes. In training a deaf-blind programmer, who now successfully 
occupies a position as systems analyst, training was restricted almost completely 
to producing such printouts of programs, assembler listings, and other specifica- 
tions which are not available easily In Brail led form. There Is no reason why, 
with some modification, the high speed printer cannot be made to produce quickly 
accessible translations of various textual materials. In fact, Mr. John Boyer 
of Medcomp Corporation, will describe indeed just such a program that uses the 
high speed printer for embossing (It could use any other display device just as 
easily) and can produce quickly translation and formatting of technical material 
I nto Bra 1 1 I e 1 , 2 and 3. 

We have reached a point now at which one can general Ize from the 
experience gained through the use of one method of prov I d ing automat Ica I I y 
quick and easily accessible translation and embossing In Braille. 

Training and placement are as good as they make possible the train- 
ing of an Independent professional. In our modern society, independence in a 
profession requires the professional to have easy access to the various communlca 
tions necessary for the performance of his job, such as journals and the litera- 
ture In his field, memos, job descriptions or position statements. Viewing 
experience In training and placing blind Individuals for the occupation of 
computer programmer as a prototype, teaches us a number of important lessons. 

1. Independent communication of professional materials is the key to 
placement. The difference In employment opportunities for blind programmers 
between 1963 and 1967 lies purely in the ease with which reading materials and 
computer printouts could be made available to the professional blind person 

then and now. 

2. The rapid access to technical material Is the key to successful 
training. While there do exist many facilities to produce Braille or other 
suitable translations, they cannot be utilized possibly to provide the many 
specialties of professional work with the necessary background reading 
materials. However, a reading machine of the type used for work with computers 
makes It possible to provide blind trainees with adequate study materials. 

3. The key to placement in any technical field is a visible demons fra- 
tlon of the Independence with which the blind applicant can function in his 
lob. In our experience, the employer ceases to find objection to the employ- 
ment of blind persons when he has seen the ease with which the blind programmer 
obtains brail led output from the high speed printer. 

If we combine these lessons we can conclude that fast, efficient, 
inexpensive methods for translating texts into Braille are still the major 
requirements for job training and placement. Between advances in engineering 
and data processing skills, it is possible to design systems that will produce 
such translations easily and without undue expense. Our job now seems to be 
to go ahead with building such systems. 









BRAILLETRAN; A COMPREHENSIVE BRAILLE TRANSCRIPTION PROGR AM 
(with emphasis on technical material) — 

John J. Boyer 



I feel greatly honored to be a meinber of this Conference. You wl I I 
already know that 1 am here to report on the work which we at Medcomp Research 
Corporation, in cooperation with the University of Cincinnati, have been doing 
on Braille transcription programs. Only two programs, or rather a system of 
two Interlocking programs called Brallletran, is involved, but this system 
does practically everything needed for the transcription of textbooks except 
draw pictures. 

About a year ago. Dr. Sterling asked me to develop a Bral I ler pro- 
gram which would use the embossing method he had described and would also have 
Grade 2 capabilities. Given this general mandate, I then set about working 
out the other specifications. First of all. Grade 2 translation would be of 
little use unless the output were properly formatted and some reader reference 
aids were included. Then since the program would probably be used a great deal 
for the transcription of technical material, it should have special features 
for the handling of such things as tables and mathematical expressions. It 
should, as a matter of fact, be a complete textbook transcr i ption program. To 
make it really useful it should be compatable with a large number of computer 
installations, which meant that no exotic input-output devices should be 
required. In fact, card images would be by far the best form of input. More- 
over, it would be well to develop a simple mnemonic control language. Thus 
the standard input format for Brailletran would be a series of card images con- 
taining the text to be translated along with the necessary controi statements. 
Other forms of input, such as compositors’ tape, could be translated into this 
format off-iine on machines having the necessary input devices.^ a procedure 
which would probably be more efficient anyway. To ease the jo^b of both the 
human key-punch operators and of the conversion programs, BraMietran shouid 
be. highly ’’intelligent,” requiring as little information over and above that 
contained in the text as possible. Finally Brailletran should be as economical 
to operate as it could be made, which meant that the functions of transiating 
and embossing wouid have to be separate. 

This last consideration led naturally to the development of two 
interdependent programs. Braiiietran Proper is written for an iBM 7040 and 
does all translating and formatting. The Brailletran Companion Program is 
written for an IBM 1401 and handles all Input-output operations except those 
on magnetic tape units. I now wish to discuss the main features of each of 
these, starting with Brailletran Proper. 

This program is designed for use with the standard operating system 
provided for the 7040 by IBM. The machine on which it is run must have at 
least 16,000 words of core storage and four tape units. 

A salient feature of Brailletran is its mnemonic control language. 
This consists- of 3,5 control statements, which control transl-ati'ng, formatting. 
Job handling, and so on. Control statements are set off from the text by • * 
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being enclosed within slashes or diagonal strokes in much the same way as a 
phrase might be enclosed within parentheses, and each consists ot a keyword, 
which may or may not be followed by modifiers. The following discussion of 
other features of Brailletran provides numerous examples of control statements. 



I turn now to what is probably uppermost in your minds — the types 
of translation available. The most important is English Braille Grade 2, which 
is assumed to be the one desired unless some other mode is requested. It is 
nearly perfect, except in some cases where the s-ize of the whole-word letter 
combination exceeds the word- length of the 7040. The control statement 
/GRADE2/ is provided for returning to this mode after using Grade I transla- 
tion, which is obtained through the control statement /GRADEI/. In most cases 
the handling of mathematical expressions is automatic, the change from literary 
to mathematical translation and back again being made in accordance with the 
character combinations encountered in the text. For those cases in which it 
is not, the control statements /MATH/ and /NOMATH/ are provided. The trans- 
lation itself is in either a simplified version of the Nemeth Code or in Ucode, 
the system of programming Braille adopted at the University of Cincinnati. 

The control statements /NEMETH/ and /UCODE/ are used to switch between the 
two. A special type of Grade I Braille is provided for the transcription of 
foreign languages. It can be obtained by using the control statement /FOREIGN/ 
while the statement /ENGLISH/ causes resumption of English Braille Grade 2 
translation. 
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And now let us consider formatting. The main formatting activity 
is/ of course, arranging the output in page form. The control statement 
/OUTPUT/ is used to specify the size of the paper to be used for embossing, 
thus providing the information needed for this job. Other format-control 
statements are used to vary the way in which the output is placed on the 
pages. For example, the /INDENT/ statement causes a new line to be started 
and to be indented the specified number of spaces. As another example, take 
the /TITLE/ statement. This causes the title which fol lows to be centered 
on a line, with blank lines before and after, and also to be entered into the 
table of contents. 

Besides translating and formatting, Brailletran provides the Braille 
reader with several aids and conveniences. First of all, each page is 
numbered in the lower right-hand corner. In addition, print page numbers 
may be placed on the output by means of the control statement /PAGE/. These 
numbers appear both at the points where the page statements were encountered, 
at the bottoms of the pages, and in the table of contents. 

All books are automatically divided into volumes. Each has a 
certain minimum number of pages, and the division is made when a /TITLE/ 
statement Is encountered o'r, if this is not possible, when an /INDENT/ 
statement Is recognized. A table of contents is placed at the end of each 
volume, It contains all titles found in that volume, together with their 
associated Braille page numbers and, if used, print numbers. A table of 
contents for the whole book is placed at the end of the last volume. 



Brailletran Includes quite a number of special-purpose subroutines. 
As an example, I wi I I take a table transcription facility, activated by the 
control statement /TABLE/. This makes it possible for the person preparing 
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the Input to simply punch the contents of the table, together with Indica 
tions of column endings, and leave the dirty work of formatting up to the 
computer. Headings, blank columns, and blank lines are all provided for. 
Situations for which no special routines are provided may be handled by 
various simple combinations of control statements. For Instance, poetry 
can be properly formatted with the control statements. /MARGIN/ /NEW/ and 
/SKIP/. 



Of no smal I Importance are the aids to proofread Ing, correction, 
and editing which have been built Into Brallletran. The program Is set up 
to detect errors In the use of Its control language and to print out error 
messages showing what the error was, the card on which It occurred, and 
what was done about It. A job may be checked for errors without making a 
Braille translation by means of the /CHECK/ statement. Moreover, the Input 
cards can be printed by using the statement /PRINT/. Corrections can be 
Inserted either by hand or by means of the update facility of the standard 
IBM operating system. 

So much for the abilities of Brallletran Proper. Now let us take 
a brief look at the Brail letran Companion Program or BRTC. 

This program Is written for an IBM 1401 with 4,000 positions of 
core storage, advanced programming features, -and attached printer and card 
reader/punch. If available, one tape unit and a direct connection to an 
IBM 7040 may also be used. 

The main function of BRTC Is to emboss BralMetran output. It 
can also store this output on cards, for embossing on machines not having 
magnetic tape units. Up to 99 copies of a book can be made wl-thout manual 
Intervention. 



Input to BRTC can come either directly from the -7040, from tape 
written by Brallletran, or from cards punched by BRTC Itself during a 
previous run. 

Control of BRTC Is achieved In the first I nstance.-by -the settings 
of sense switches, and In the second by control cards. 



Before ‘I wl-nd up my discussion of the -actual computer programs, 
you would undoubtedly like to know something about their -speed. Roughly, 
Brallletran can translate 5,000 words per minute, -while -BRTC can emboss 
six pages per ml-nute. I should also like to pol nt -out --that both programs 
can process long strings of jobs without reloading. 

We have also given considerable attentlon-to the other links In 
the translation chal-n, particularly to the preparation of the Input. A 
Brallletran Reference Manual has been prepared which gives detailed In- 
structions for punching various types of material and also describes the 
operation and use -of the programs. 



And now that we 
what of the future? -Wei I 
wl I l- depend upon the aval 



at Medcomp have our Brail le 
we have a number of Ideas, 
ability of research funds.- 



translation system, 
but their realization 
We wou I'd I I ke to add 
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Grade 3 and to develop utility programs to translate compos i-tors’ and other 
kinds of typesetting tape into the standard Bra i I I etran -i-nput format. What 
we are really excited about, however, is the possi bi I ity of -obtai n i ng input 
from an optical scanner and storing the output on punched -paper -tape for con- 
version into Braille by a simple machine resembling a -tape recorder. 

If any of you would like to look at some Brai- 1- 1 etran -output, I have 
a limited number of copies of some supplementary material to pass out. A 
number of printed listings of the input cards for this material are also 
available. I hope you have found this speech informative and will now 
answer any questions you may care to ask. Thank you very much. 
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SMALL .COMPUTERS. AND. GRADE 2 BRAILLE^ 
Professor Edward L. Glaser 



The work being conducted under the direction of Professor Glaser at 
Project MAC concerns producing Braille by means of a very small computer, but 
it is not Intended as a production project. However, it is a sub-set of a 
much larger project concerned with man-machine interaction which involves 
other modalities than touch. 




The system presently being used consists of a small computer, a 
conventional teletype unit, a high-speed Braille embosser (developed in the 
Mechanical Engineering Department at M.I.T.), and a data set Interface (for 
transmission and reception of information over the telephone network). Also 
under construction is a new electrical Braille keyboard intended to drive the 
embosser; this Braille keyboard is designed so that it looks very much like 
the Perkins keyboard. Experiments are being conducted with one-handed key- 
boards where, with a single stroke, any Braille character can be produced 
with either hand. 

The small computer produces approximately 1.8 Braille, that is, less 
than Grade 2 Braille. There are three problems associated with machine handling 
of Grade 2 Braille: (a) the dictionary which is a result of a set of symbols 
used In normal text and an explicit set of Braille symbols; (b) syllabification 
which is not written Into the small computer program, but which can be; (c) 
those contractions which, when used I ncorrect.ly^ ocscure meaning (this problem 
can be solved by using a very large dictionary^ and some ad hoc rules based on 
general analysis of semantic content). 

Braille transcription via small computer. is accomplished in several 
ways: (a) somebody who knows no Braille can sit down at a -teletype keyboard 
and type In material which Is simultaneously embossed. in Braille by the MIT 
embosser; (b) instead of the keyboard being in the same room with the computer 
and embosser. It can be operated from anywhere in. the United States and fed to 
the computer-embosser set-up via telephone lines; and (c) the use of the time- 
sharing system of a large computer, in conjunction with the equipment mentioned 
In (a) and (b) as well as the telephone line interface, enables a blind person 
to communicate (send and receive) entirely In Braille, as well as interrogate 
his files and manipulate programs. 

The price of computers is decreasing rapidly; for example, the 
computer originally considered for this project cost -$28,000, but Braille is 
currently being produced on a computer which costs $18,000. There Is a version 
of the latter computer which, although slower, is-quite adequate and costs only 
$ 10 , 000 . 

The developments in micro- logic point -to circuitry (to be used In a 
$10,000 to $15,000 computer) reduced In size (a cube 3 to 5 inches on an edge) 
and cost ($1,000 to $2,000). 



* This Is a summary of the comments presented by Professor Glaser 
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ON READING AND READING BRAILLE 



A. P. Grunwald 



This presentation is going to be disorganized, because I have not 
yet written the paper. It is therefore cunningly called a preview. 

Nevertheless I ask you you to bear with me for a few minutes so 
that I may have the benefit of a critical discussion of the material I want 
to talk about. 

We have recently conducted a series of experiments with the pur- 
pose of better understanding the Braille reading process. The primary 
objective of this work was to establish criteria for the design of a Braille 
reading machine; a report on this effort has been published in Science, the 
October 7, 1966 issue. However, what I would i ike to discuss wT th you now 
concerns certain more general conclusions which perhaps can be derived from 
our results. 

But before we discuss cone lusions, let me f i rst very brief I y 
describe what we did: A device was constructed which moves sheets of paper 

embossed with Braille characters over a platen, either continuously at pre- 
cisely controlled rates or in accurately timed steps; in the second case, 
the paper is at rest between the feed movements. 

In this fashion the reader was presented with lines of Braille, 
which were either moved mechanically under his fingertips or scanned by his 
fingers while the sheet was at rest. 

In order to avoid interference with the measurements by factors 
such as memory or mental manipulation of words we wanted the reader to 
pronounce the words he read as he read them and to prevent him from anti- 
cipating words. Therefore, we used mostly sheets with randomly selected 
words (rather than with whole sentences); to provide sufficient time for 
pronunciation, extra blank spaces were left between words. 

With this method we obtained accurate and consistent rate measure- 
ments - but how is the rate measured correlated to the speed of actual reading 
Fortunately for us it turned out that the relationship is simply one to one. 

This relationship was established as follows: We asked several 

Braille readers first to read a page which we had picked from a high school 
biology test, without vocalization or subvocalization, word for word, as fast 
as they could. The same readers took then the pronunciation test outlined 
before. Finally we presented the subjects with meaningless binary dot 
patterns (such as dot/dot, dot/blank, etc.) and determined the maximum speed 
at which the subjects were still able to perceive the presence or absence of 
the dots, spaced at the distances of Braille dots. 

The most interesting result of this program seemed to us the fact, 
that reading, word pronunciat ion^and dot reso I ut ion -tests yielded the same 
number for maximum sweep rate for all subjects with reliable scores. Not 










)■ 



only did each subject score alike on all three tests - but to our surprise, 
different subjects also had the same score. Furthermore, this score is 
interesting in itself: the maximum sweep rate turned out to be 13,8 cm per 
second, equivalent to 22 Braille characters per second or (according to a 
statistical analysis of the texts used) to 'v 320 words per minute. 

I now turn to certain conclusions based on these data which I 
would like to discuss with you, which concern the reading process in general, 
rather than specific engineering problems, which had originally motivated 
the experiments: 

As a first conclusion I offer that the identity of sweep scores 
on the three different tests indicates that pattern recognition in reading 
is not correlated to comprehension. Strictly speaking, this has been 
demonstrated only for Braille reading, but it is tempting to see what 
happens if one generalized the postulate. 

I realize that this postulate - even I im i ted to Braille only - 
seems to fly in the face of every day experience: we all slow down as soon 
as we become unsure of the meaning of what we are reading - or do we? Could 
it be that in this case we do not slow down so much, but rather read inter- 
mittently? I do not want to clutter this overview with details which lead 
me to believe that this actually is the case; suffice it to say that the 
apparent contradiction may perhaps be resolved by this interpretation. 

If the postulate holds, it would be significant for several 
important matters, such as teaching, reading techniques and perhaps even 
for printing and other subjects. I propose therefore that it would be 
worthwhile to investigate this matter more extensively. 

Another interesting finding is that the maximum recognition and 
resolution rates are not only alike for one subject but for several persons, 
in fact for all those in our sample who scored above 'v 200 words per minute. 
This looks to me pretty much like a time dependent neurological phenomenon, 
which might for instance explain the finding' of other researchers that read- 
ing speed seems hardly correlated to increasing size of Bra i I I e characters . 

At any rate we are presently attempting to il lucidate the nature of the 
apparent constant. 



[ The second conclusion we propose is that Braille reading - done 

I skillfully - is a dynamic process, that is, that the reader perceives 

j patterns in time rather than in space or that he is concerned with rhythm 

rather than with geometry. Here are my reasons for this postulate: First 

I it seems easier to reconcile a reading rate of 22 characters per second with 

I dynamic concepts rather than with geometry. More important, impressions on 

f the nerve endings of the fingertips must change constantly as dots and fingers 

I move steadily relative to one another. That this relative motion is indeed 

I steady is borne out by the fact that when we mechanized the scan (and had the 

I reader’s fingers held steady) no change' in reading rate occurred relative to 

I normal reading with deliberate scanning motions. Finally we found that at 

I the sweep rate of 13.8 cm per second the 3.75 mm intercharacter dot distance 

\ is just barely resolved, whereas the 2.5 mm distance between dots within a 

j character is not. Thus, if the reader wou I d -need to grasp the ’’real geometry” 
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of the character in order to understand it, he would not only have to infer it 
from a moving impression, but also from one which is further modrtied or dis- 
torted by apparent fusion of dots within a character at higher reading rates. 

We doubt that such a complicated translation process is actua I l-y involved in 
Braille reading, but even if it were, the primary impress ion on the reader 
must be continually changing, it cannot be a static one in the light of our 
findings; it must be in this respect systematically d i f ferent -f rom what is 
taught about visual reading. 

This would seem to call for some re-evaluation for instance in our 
techniques in teaching Braille. For example to introduce beginners to a peg 
board or other stationary geometrical pattern -to teach him the appearance 
of Braille characters is probably a detour; worse (at least to my knowledge) 
no methods have been developed to help him make the transition to "dynamic" 
reading, but he is left to make this transition by trial and error development 
on his own; he is not even directed to focus on the problem he faces in this 
development, instead his attention is originally directed toward static 
patterns and that is where the matter rests. The result is that few readers 
develop a smooth sweep and are severely handicapped in their reading speed. 

The causal relationship is borne out not only by our experience that it is ^ 
possible to make a fair guess at a subject's reading speed simply by observing 
how smoothly he sweeps the line. Furthermore, we found that average and poor 
readers show an immediate increase in reading rate when the sweep is taken 
over by our test device and thereby made even, in spite of the fact that this 
results in (at least to them), somewhat unfamiliar sensations. 

Perhaps better understanding of how the written material appears to 
the reader and how he interacts with it could generally be profitable. Is, for 
instance, the often repeated statement that the eye reads only during "fixes" 
sufficiently demonstrated and, more important, what does it mean? How do we 
achieve continuity in this process, that is, how do we avoid overlapping of 
fixes and/or redundancy of information or breaks in continuity? 

In short, it seems to me that we tend to think and teach Brail le 
as if it was to be seen rather than felt - and I am not even sure that I 
have an adequate understanding of how we manage to read a printed page visually. 
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COMPUTER TRANSLATION OF GRADE 2 BRAILLE 
American Printing House for the Blind 
May, 1964 - November, 1966 

Robert Haynes 



PRODUCTION 



In May, 1964 a 709 computer system was installed at the American 
Printing House for the Bl ind. Since that time, 182 titles or 427 Bra i I le 
volumes have been translated by the computer. The majority of titles were 
literary books. Also, a textbook series and a number of magazine volumes 
were translated. One reference book, making 25 Braille volumes, was pro- 
duced. Input for this book consisted of 100,000 punched cards. The result 
of translation was 85,000 Braille output cards. Accuracy of the system was 
excellent from the beginning, and progressed to a level where some volumes 

contai-ned fewer than five errors. Proofreading is still required for perfect 
copy. 



The card-to-plate equipment developed by APH and IBM has been 
effective in producing Braille plates from which an unlimited number of 
copies can be embossed. 

Careful attention has been given to production costs. Records 
indicate the present system as installed at APH is efficient from a cost 
standpol nt . 



SYSTEM DEVELOPMENTS 



Since the original Braille translation program was written for a 
704, input and output instructions were rewritten in 709 language. This change 
increases speed of translation and uses less core storage. 

An intermediate table was inserted to serve as an index to the Grade 
2 table, permitting the program to operate at an increased speed. 

In an- effort to reduce the amount of human intervention required, 
a common word el imi nation program was added to the system. By making a test 
translation of a volume omitting occurrences of the 10,000 most frequently 
used words and translating only the first occurrence of -the remaining words 
proof list checking was reduced by about 90 %. * 

In 1964 a rules change covering Braille textbook format was adopted. 
Among features of the textbook format is a provision for indicating inkprint 
page numbers. This adoption was for the benefit- of blind students attending 
classes with sighted students, and using the same texts. In order that the 
computer could translate textbooks, a program was -written to replace the 
format section of the Braille translation program. -The textbook program provides 
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for such things as inkprint and Braille pagination, indexes, interlining, 
and right margin adjustment. The translation of copy into magazine format 
was also made possible by the textbook program. 

A keypunch manual was written before the second year of production 
began. This manual serves as a reference for keypunch symbols used in pre- 
paring input for Brai I I e trans lat ion. A supplement to this manual includes 
symbols for indicating diacritiing inkprint into computer readable data. 



FEDERAL GRANT 



A grant from the Office of Education has been received to support 
research in a number of areas including application to a wider range of 
materials, hyphenation, and efficiency of hardware use. Initial efforts 
supported by the grant include: 

1. The development of a math translation program. 

This work is being done by Ann and Joseph Schack. 

2. A study of space saved by using hyphenation. 

3. The development of a Braille translation routine 
that uses somewhat different principles. 
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BRAILLE RESEARCH AT GEORGE PEABODY COLLEGE 



Professor Richard W. Woodcock 



This report briefly describes three Braille research projects at 
George Peabody College in Nashville, Tennessee. One of these projects is a 
test development project originally supported by the Cooperative Research 
Program of the U. S. Office of Education, and essential ly completed at 
Colorado State College. Additional reliability and normative data are now 
being gathered by the prinicpal investigator at Peabody. The second project 
is concerned with -the problems of teaching Braille reading to young blind 
children. This project is supported by the U. S. Office of Education and is 
in its initial phases. The third project to be described involves the 
development of an electro-mechanical system designed to facilitate tran- 
scription and the small-scale reproduction of Braille. This project has been 
supported by the National Institute of Neurological Deseases and Blindness. 



The Colorado Braille Battery 

During the fall of 1966, the American Printing House for the Blind 
DUblished the Colorado Braille Battery (CBB) and has thus made available to 
the field a series of tests which allow objective measurement of knowledge 
of the Bra i I I e codes . 

The CBB was developed at Colorado State Col lege during 1962-64 by 
Woodcock and Bourgeault under a contract with the Cooperative Research Program 
of the U.S.O.E. The battery provides a series of tests- for measuring mastery 
of two Braille codes - the Grade 2 Literary Code and the Nemeth Code for 
mathematical notation. These tests are not tests of reading or mathematics 
skill as such, but tests of one essential aspect of the ability to read or do 
number work in Braille, i. e., how well the subject knows the elements of the 
Braille codes and the rules governing their use. The- eleven tests comprising 
the CBB are indicated in Table I. Seven of these tests measure knowledge of 
the Grade 2 Literary Code and four measure knowledge- of the Nemeth Code. 

The Beginning Literary Tests are most appropriate for use at the 
first grade level of achievement. They may be used a I so at the early second 
grade level; however, the tests become too easy for most second graders by 
the latter part of that grade. The I ntermediate -Literary Tests are most 
appropriate for use the second grade level. They are suitable also for use 
with higher achieveing first graders. The Intermediate level is somewhat 
easy for third graders, particularly the better students in a typical third 
grade class. The Advanced Literary Tests are most appropriate for students 
achieving at the fourth grade level or higher. It is adequate for third 
grade use, especial ly with the higher achievers in that grade. The Pretest 
may be used advantageously to determine the level of a full-length test which 
a subject should take when prior information regarding the subject’s com- 
petency in literary Braille is not known to the examiner. The Pretest may 
also be used as a short-form I iterary code test for purposes such as group 
screening to determine which subjects require a more thorough evaluation. 
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TABLE I 



TESTS COMPRISING THE COLORADO BRAILLE BATTERY 



Test 


Forms 


Number 

of 

1 terns 


Level of 
Achievement 
Measured 


Literary Code Tests: (Grade 2 Braille) 








Beginning Level 


A,B 


82 


Grade 1 and 


Letters Subtest 




22 


low Grade 2 


Punctuation Subtest 




12 




Word Form Subtest 




48 




Intermediate Level 


A,B 


69 


Grade 2*and 


Punctuation Subtest 




21 


low Grade 3 


Word Form Subtest 




48 




Advanced Level 


A,B 


48 


High Grade 3 


Punctuation Subtest 




22 


and above 


Word Form Subtest 




36 




Pretest 


A 


13 


All 1 evel s 


Nemeth Code Tests: 








Beginning Level 


A,B 


34 


Arithmetic 






(Grade 4 to 8) 


1 nter^ediate .Level 


A,B 


30 


Mathematics 



21 
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or to obtain a quick estimate of an individual subject's knowledge of the 
literary code. The Pretest was prepared by selecting 13 highly discriminating 
items spaced throughout the difficulty range of literary test items. The 
easiest item has an average grade difficulty level of 2.0. Subsequent items 
increase in average difficulty by increments of approximately three months. 
There is only one form of the Pretest and it can be administered in approxi- 
mately five minutes. 



The Beginning Nemeth Tests are most effective as a measuring device 
between grades four and eight. They are rather difficult for subjects below 
grade four and tend to be too easy for most subjects by the beginning of grade 
nine. The tests are appropriate for use at any level If the primary interest 
is in the subject's knowledge of the Nemeth Code as used in the preparation 
of arithmetic tests and materials. The Intermediate Nemeth Tests are most 



appropriate for students who have had some advanced work in mathematics using 
the Nemeth Code. There were few such ubjects available in the standardiza- 
tion sample, thus the norms resulting from this portion of the study are 
tentative. Furthermore, grade norms for the Intermediate Nemeth Tests are 
virtually meaningless due to the small change in median performance from 
grade to grade. Percentile norms for grades nine and ten will be of the 
most value to users of the Intermediate Nemeth Tests desiring national norms. 



All tests of the CBB are designed for group administration and are 
administered orally. The questions are mu I ti p le-choice> five-alternative 
items. The administration of the tests follow the same pattern for the entire 
battery. The examiner indicates the desired response and the subjects determ i 
which of the five alternatives is the correct Braille representation of the 
oral stimulus just presented by the examiner. 



The CBB should be quite useful in many Braille research projects. 
The tests may be used with either children or adults for whom it is desired 
to obtain a measure of Braille code knowledge. They may also be used with 
sighted teachers of Braille and Braille transcribers. Since there are two 
forms for each test, it is possible to get up research- designs requiring 
•pretests and posttests. 



A technical report describing the development and standardization 
of the CBB has been prepared. This report may be*obtained from either the 
American Printing House, for the Blind or from Woodcock of George Peabody 
Col lege. 



Comparative Study of. •BnaT.M-e. Reading Instruction 



Dr. Randall Harley has. a grant from the U. S. Office of Education 
to study the efficacy of six ways of teaching beginning Braille reading. 
Harley's study will involve a comparison of three different Braille codes 
along one dimension, and a comparison of a synthetic (phonic) approach and 
an analytic (whole-word) approach along the second dimension. The design 
of Harley's study is illustrated In Figure I. 



The phonemic Braille code being developed for the project is similar 
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Grade I Grade 2 Phonemic 

Bra file Bra i I I e Bra i I I e 



Synthetic 


Grade 1 - 


Grade 2 - 


Phonemic 


Approach 


Synthetic 


Synthetic 


Synthetic 


Ana lytic 


Grade 1 - 


Grade 2 - 


Phonemic- 


r 

Approach 


Ana lytic 


Ana lytic 


Ana lytic 



Figure I. Design of the Harley study 

to the Initial Teaching Alphabet (I.t.a.) be I ng^ extensive I y In research with 
sighted children. A phonemic alphabet generally contains about 40 characters - 
one for each phoneme of the English language. Children first learn to read 
materials written In the phonemic alphabet and later make a transition to 
materials written In the traditional 26 letter alphabet. 

A synthetic approach to teaching reading Is one In which children 
first learn the sound of letters and then learn to synthesize or blend these 
sounds Into words. LIppIncott publishes a series of readers based upon this 
philosophy of reading Instruction. This series of readers Is to be tran- 
scribed Into Grade I Braille, Grade 2 Braille and phonemic Braille for the 
purposes of this study. 

In an analytic approach to teaching reading, children typically 
learn a vocabulary of 75 to 100 sight words before they begin their phonics 
program. Scott-Foresman publishes a series of readers which will be used 
In this portion of the study. The Scott-Foresman series Is already available 
In Grade 2 Braille. The series will be transcribed Into Grade I Braille and 
Into phonemic Braille for the purposes of this study. 



Braille Equipment Project 



This report briefly reviews the progress of several Interrelated 
projects underway since 1961. The Initial objective of these projects was to 
develop and evaluate a system of electromechanical devices for facilitating 
the transcription and small-scale reproduction of Braille materials. Since 
January of 1964 the focus of the project has been broadened to Include 
activities related to training potential users of the system. 

The work with this system was begun by Woodcock In 1961 at Colorado 
State College. At that time, a pilot model of the system was designed and 
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constructed to demonstrate the feasibility of the concept. This pilot model 
was comprised of an electrically-operated Braille writer and several input 
devices for controlling the brail ler. These input devices included an 
electric keyboard with the same configuration of keys as a manual brail ler; 
a keyboard designed for one-hand operation, similar in appearance to small 
adding machine keyboards; a typewriter keyboard which incorporated electric 
circuits for translating typing into equivalent Braille cell combinations; and 
a perforated paper tape reader for automatic reproduction of Braille materials. 
This pilot model was exhibited at the International Congress on Technology and 
Blindness, held in New York City, June, 1962. 

Since January, 1963, the project has been supported through research 
grants from the National Institute of Neurological Deseases and Blindness 
(U. S. Public Health Service). These funds have been used for redesigning 
and improving the system; evaluating its mechanical and electrical reliability; 
developing a sel f-i nstruct ional manual for Braille transcribers, using a 
specially modified teletypewriter; and, conducting a comparative study of 
three approaches for training Braille transcribers. 
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Equipment development since 1962 has been focused primarily upon 
three items - an electric brail ler, a perforated paper tape reader, and a 
specially modified teletypewriter for use by Braille transcribers. Develop- 
mental work on the electric brail ler originally concentrated upon the concept 
of an auxiliary power unit attached externally to a standard manual brail ler 
such as a Perkins or a Lavender. This auxiliary unit operated the manual 
brail ler through solenoids and a small motor. Recently Howe Press, manufacturer 
of the Perkins brail ler, has cooperated in building a series of four electric 
braillers. Howe Press is continuing development of this device and may put an 
electric Perkins in production if the developmental models perform satis- 
factorily. The electric orailler has provision for electrical connections 
allowing operation by automatic paper tape equipment, or special keyboards 
such as a typewriter keyboard. The estimated cost of an electric brail ler in 
production would be over $100, but probably less than $200, 

A significant outcome of this project has been the development of 
a specially modified Model 33 typewriter for use as a Braille transcribing 
device. Three major modifications were made by the Teletype Corporation in 
redesigning the Model 33 teletypewriter as a Braille transcribing device. 

First, the keyboard has been specially labeled. Second, extensive redesign- 
ing of certain internal mechanisms was necessary In order to operate the 
machine In accordance with the Braille code, rather than the machine code 
used by Teletype Corporation in its equipment. Third, a special set of 
printed characters has been designed to represent the meanings associated 
with each of the 63 Braille cell combinations. This set of printed characters 
with associated Braille cell combinations and meanings In Grade 2 Braille are 
shown in Table 2. This set of print characters has been termed a "type- 
counterpart Braille" by the project staff. This term has been reduced further 
to the single word "tyco-Bra I I I e" . The modified teletypewriter is referred 
to by the project staff as a "Tyco-Brai I I er". 

The development and use of this set of print characters Is of 
special interest to sighted transcribers since it allows material tran- 
scribed into Braille to be proofed visually by reading printed characters, 
rather than reading the embossed Braille. Thus, It is not necessary for a 
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9 m 



• • 
• • 



• • 



• • 
• • 

• • 



• • 

• i 

• • 



• • 
• • 
• • 



• • 
• • 



a 

b 

(t 

d 

G 

f 



g 



h 



i 

J 



k 



m 

n 

0 

P 

q 

r 

5 

t 



u 



As sotMn ted 
McMnlnus 



a 

I (one) 



b 

but 

2 



c C 

can 

3 



d 

do 

4 



c 

every 

5 



f 

from 

6 



g 

go 

7 



h 

have 

8 



J 

just 
0 (zero) 



knowledge 



1 

like 



m 

more 



n 

not 



P 

purple 



q 

quite 



r 

rather 



s 

so 



t 

that 



u 

us 



TABLE 2 

COMPARATIVE CHART OR BRAILLE AND TYCO-BRAILLE SYMBOLS 



Tyco- 

llrnille Braille 
Symbol Symbol 



Associated 

Meanings 



Tyco- 

Brallle Braille 
Symbol Symbol 



Associated 

Meanings 



• 

i 

1 • 


\y 


V 

very 


« • 
• • 
i • 


3 

O 


ow 


• 

1 • 
• 


u 


w 

will 


• • 

i i 

• • 


X 

cn 


sh 

shall 


1 • 

i 


X 


X 


• • 

i i 


\ 


St 

still 


1 • 


It 


• • 


if) 


/ 


\ 9 
' • 
1 • 


y 


y 

you 


• • 
• • 
• • 


X 
1 — 


th 

this 


1 • 

> • 
1 • 


z 


z 

as 


• • 
• • 
• • 


X 

3 


wh 

which 


> • 
> • 

1 • 


CV 

CC 


ar 


• • 
• • 
• • 


£ 


and 


i i 




bb 


• • 


II 


by 


• • 
• • 


CD 


be 

i 

1 


• # 
• # 


CD 


was 

** (closing) 


• • 
• • 
• • 


# 


ble 

number sign 


• • 
• • 
• • 


CV 

U- 


for 


• • 


• • 


CC 


• i 


0-: 


his 

? 


• • 

i i 


U 


con 

i 

i 


• • 
• • 


X 


1 

" (opening) 


• • 

• i 


X 


ch 


« < 


z 


In 


• • 


u 


child 


• • 
• • 




• • 

• i 


1 


com 


• < 


U- 


of 


• • 


u 


- (hyphen) 


• • 
• • 


o 






dd dls 




UJ 




• • 


• 


$ 


• • 

A 


the 


• • 


•a- 


, (period) 


w 

• • 


f— 


i i 

• • 

i i 


LL) 


ea 

, (comma) 


• • 
• • 
• • 


1— 

3: 


with 


i i 

• • 
• • 


LU 


en 

enough 


* • 
• • 

i i 


LH 


45 


• • 
• * 
• • 


Q 

UJ 


ed 


< • 

i • 

i • 


(D 


46 

italic sign 
. (decimal) 


• • 
• • 
• • 


CV 

UJ 


er 


< • 
< • 
< • 


ih 

• 


456 


i i 




ff 








• # 
• * 


ii’ 


to 

1 


• • 
• • 


ID 


5 


i i 

• • 


r-< 


88 

»were 


i i 

• • 


ID 


56 


• • 


CD 


( ) 


< • 


ID 


letter sign 


9 • 

• • 
• • 


X 

CD 


gh 


< • 
« • 

• • 


CO 


6 

capital sign 


• • 

« « 

• • 


(D 

2 


Ing 


« • 
f f 

# « 


1 


’ (apostrophe) 


• i 

• • 
• • 


X 

o 


ou 

out 


« • 

• « 


/ 


^ (accent sign) 
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Braille transcriber using the Tyco-bra I I I er to learn the Bra I I I e ce I I combina- 
tions. This system of print characters provides an exact one-to-one relationship 
between Braille cells and print characters. Figure 2 Illustrates the tyco- 
Braille printout obtained from the Tyco-bra i I I er . 



33TC757IS. Its present cost Is approximately $1,600; however, this price may be 
reduced somewhat if production lots become large enough so that the machines 
could be assembled on Teletype’s production line rather than In their model 
shop. The basic output of these machines is a perforated paper tape, which In 
turn Is used by a paper tape reader to operate automatical ly an electric 
bralller. These tapes may be used also to operate stereotyping equipment In 
printing houses for the blind. 



developing a sel f-i nstruct Iona 1 manual for the training of Braille tran- 
scribers using the Tyco-bra I 1 1 er. The Braille manual by Ashcroft and 
Henderson, entitled "Programmed Instruction In Braille," was used as a point 
of departure in developing the tyco-Brallle transcriber manual. The purpose 
of this manual is to provide instruction In Grade 2.0 Braille code and In the 
operation of the Tyco-bra 1 1 I er for future Braille transcrl bers. 



with college students serving as subjects for the training of Braille tran- 
scribers. As these subjects have proceeded through the manual, they have 
evaluated and criticized each lesson. This feedback was subsequently used 
In rewriting the manual. 

Since October of 1964, a comparative study of three approaches for 
training Braille transcribers has been underway. The three approaches used 
In this study are the Library of Congress training program for Braille tran- 
scribers, the Ashcroft-Henderson "Programmed Instruction in Braille," and 
the Tyco-bral 1 ler approach. Approximately 20 subjects are being trained 
under each of the three approaches. Such measures as "hours to complete 
the training program" and "transcribi ng accuracy" are to be analyzed. 



described above, a comparative study of three approaches for training Braille 
transcribers was made. Comparative data were desired regarding the time 
required to complete the transcriber training programs and the accuracy of 
transcribing at the end of the program. One group of potential transcribers 
used the Library of Congress program and manual brail lers; a second group used 
Ashcroft and Henderson’s "Programmed Instruction in Braille" and manual 
bpalllers; and the third group used the Ashcroft-Henderson program modified 
for use with the Teletype Braille transcr Ibers. The results of this study 
are summarized In Table 3, 



The final report of this project will appear In a few months as an 
Issue of the Research Bu I let 1 n published by the American Foundation for the 
Blind. This report will include a technical report of the equipment develop- 
ment, a report of the Braille transcriber study, and the modified Ashcroft- 
Henderson manual for training Teletype Braille transcribers. 



The Tyco-bra i I I er Is available from the Teletype Corporation as Model 



Since June of 1964, extensive efforts have been devoted toward 



The present manual has been developed through several pilot runs 



In conjunction with the development of the brail ling equipment 
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Figure 2. Samples of Grade 1 and Grade 2 Tyco-braille printout. 
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Braille Transcriber Study — Summary Data 



All Subjects 



Median hours 
N 

Dropouts 



Subjects Completing Program 



ERIC 



N 



Hours of training; 



Mean 

SD 



CBB errors; 



Mean 

SD 



"Maggie" errors 



Mean 

SD 



"Dear Pearl" errors 



Mean 

SD 






Lib. of Cong 
Manual 



139.5 

18 

8 



10 



110.8 

27.1 



4.3 

2.9 



13.0 

7.8 



35.8 

20.5 
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Ash .-Hend. 
Manual 



Ash .“Hend, 
Teletype 



103 

19 

8 



59.5 

16 

5 



11 



11 



87.0 

18.0 



54.5 

6.0 



5.5 

6.4 



1.9 

1.4 



25.0 

27.6 



15.7 

6.3 



48.7 (N=10) 
25.3(N=10) 



23.7 

9.4 












THE EFFECTS OF PATTERN COMPLEXITY AND REDUNDANCY 
ON THE TACTUAL RECOGNITION OF METRIC FIGURES 



Emerson Fou I ke and Joel Warm 
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In recent years, a number of investigations have been concerned 
with the appropr iateness of information measures to the problem of form 
perception (Forgus, 1966; Michels and Zusne 1965). One approach, under 
fhis strategy, has been to specify exactly fhe statistical features of 
populations of forms in terms of information parameters and then to study 
man ’ s- abi I i ty to i dent i fy st imu I i drawn from these populations (Alluisi, 

I960; Fitts, et_^«# 1956). 

Two parameters influencing the identification of metric figures 
are complexity and redundancy. Complexity is .specified by the average un- 
ce^'fainty or the information content of a figure and is therefore a function 
of the size of the population of possible figures from which a given figure 
is drawn. Several kinds of redundancy are possible, and the effect on per- 
formance depends upon the kind of redundancy (Fitts, 1956). In the present 
study, Fitts’ Redundancy I was employed. This is a redundancy produced by 
placing a constraint upon the way in which figures are sampled from the popu- 
lation to which they belong. (See Stimuli under Method) 

A series of studies by Alluisi and his co-workers indicate that the 
speed and accuracy with which figures are identified is determined, at least 
in part, by their complexity and redundancy (Alluisi, I960; Alluisi and Hall, 
1965; and Baker & Alluisi, 1962). The position taken by these researchers is 
that if variables defined in terms of information parameters influence per- 
formance on perceptual tasks, the perceptual process mediating such tasks may 
be one of information reduction. 

Although tasks in which information parameters are varied have made 
use of visual stimuli, the information approach implies central mechanisms of 
stimulus encoding in the perception of form. Since the appreciation of form 
or pattern is not limited to the visual channel, crossmodal studies of form 
perception in which information parameters are varied should provide evidence 
relative to the hypothesis of a central process. For instance, Baker & 

Alluisi (1962), using visual metric f igures and their auditory analogs, varied 
information parameters and obtained similar results. In the present investi- 
gation, tactual metric figures analogus to the visual metric figures employed 
by Alluisi and others were employed. This was done in the belief that a 
comparison of the results of the present experiment with a substantial body 
of research results obtained with visual metric figures would further elucidate 
the hypothesis of a central mechanism in form perception. 

Further evidence regarding the general ity of information processing 
in the perception of form might be obtained by examining the performance of 
blind Ss on tasks requiring identification of figures by touch. If form per- 
cept ioTT is mediated by a process that is independent of modality, the per- 
formance of blind Ss on a task requiring figure identification should resemble 
the performance of~~a comparable group of sighted ^s. Ewart and Carp (1963) 
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I snd Worchel (1951) have shown that blind Ss can identify geometric forms by 

I touch as accurately as sighted ^s can by sight. However, the forms used in 

j these studies were of the sort that cannot be described conveniently by 

I information measures. Consequently, such results, though suggestive, do not 

I lend themselves to a comparison of the performance of blind and sighted Ss on 

[• a task in which information parameters are varied. In the present study7 

I blind and sighted ^s identify metric figures by touch. 



I METHOD 

I 

I Subjects 

I 

I Twenty-four students, drawn from psychology classes at the University 

f of Louisville, and twenty-four legally blind individuals living in the Louis- 

I ville metropolitan area, served as ^s in the experiment. Each group contained 

I eleven males and thirteen females. The Ss in the sighted group ranged age 

I from seventeen to thirty-five years, with a mean age of twenty years. Ri ind 

I were oider, ranging in age from seventeen to sixty-five years, with a mean 

age of forty-one years. All of the blind £s had completed at least six school 
I grades, and all of them made regular use of Braille in recreational reading or 

I as a Job requirement. All Ss were paid volunteers. 

I ~ 

I St imu I i 

I ■ 

if 

I The stimuli in the experiment were punctiform metric figures, to be 

I identified by touch, and analogue to the visual metric figures used by Alluisi 

j and others. Metric figures are relatively simple shapes, resembling histo- 

j grams, which are generated by random sampling of column height in a symetrical 

I by coiumn matrix. (See Fig. I.) The logic underlying their use, and the 

I methods employed in their quantification have been described in detail by 

I A I I u i s i ( I 960) , Baker and Alluisi (1 962) and Fitts, et ( 1 956) . Figu res 

I at four levels of complexity were generated by randorTT"safnp I i ng of column height 

I in three by three, four by four, five by five, and six by six matrices. To 

I produce redundant figures at each level of complexity, column heights were 

I drawn for each figure with the constraint that each of the possible column 

I heights must appear once and only once. 



i Apparatus 

j Using the specifications generated by the sampling procedures Just 

I described, dot patterns were embossed on aluminum, using a specially con- 

I structed Braille slate. Vertical and horizontal spacing between adjacent dots, 

I center to center, was .095 of an inch. This value is standard for the Braille 

I code. Patterns were centered on aluminum sheets, approximately two inches on 

I a side, and these were mounted on one-quarter inch masonite blocks to promote 

I ease of handling and durability. 



I Stimulus patterns were presented for tactual inspection in a par- 

I tially enclosed box, placed on a table between ^ and The three blocks con- 

I taining the stimulus patterns involved in any given comparison were fitted into 

I appropriate Jigs on the floor of this box. ^gained access to the stimuli by 

I putting his preferred hand through a curtained front of the box. S found the 
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Cell Matrices of Different Complexity and Samples 
of Metric Figures Using Braille Dots 
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"standard stimulus" by following with his finger a raised runway near the 
left-hand edge of the box. When his finger made contact with the standard 
stimulus, a time delay relay, controlled by photo cell circuitry, was 
energized. When this relay closed at the end of the four second examination 
period, a buzzer sounding for one half second informed £ that the examination 
period was over and he removed his hand from the standard stimulus. Upon a 
signal for £, £ followed a raised runway near the right-hand side of the box 
which led to the two "comparison stimuli". Contact with either of these stimuli 
interrupted a beam of light, and this interruption started a Standard Timer 
Type S-l controlled by photo cell circuitry. task was to decidf; which, if 

either of the two comparison stimuli, was like the standard stimulus. He 
indicated his choice by operating, with his other hand, a response keyboard 
consistaing of three momentary switches labeled one, two and neither. £’s 
response stopped the Standard Timer and turned on one of three lights. Thus 
£, by noting the light that was turned on and by reading the timer, could keep 
a record of response accuracy and time. 

Experimental Design 

Thirty-six judgments were required of £ in each of the four experi- 
mental sessions, half with random figures and half with redundant figures. 

The order of presentation of random and redundant figures was counterbalanced 
across Ss. Figures at one level of complexity were presented during an experi- 
j mental session. In both the blind and sighted group, each Rencountered one of 

^ the twenty-four possible orders of four levels of complexity as he progressed 

through the four experimental sessions. 

At each level of complexity, there were six random and six redundant 
figures. During a session, each figure in its group of six figures, served as 
the standard stimulus three times. On two of these occasions, it was also 
used as a comparison stimulus, once in Position I and once in Position 2. On 
the remaining occasions, it was not used as a comparison stimulus. The three 
comparisons in which a given standard stimulus was involved were presented in 
random order. Since each figure in its group of six figures was presented 
three times as a standard stimulus, there were eighteen occasions on which a 
standard stimulus was presented. This order of presentation was random with 
the restriction that a given standard stimulus could not occur more than 
twice in a row. The other figures to be compared with the standard stimulus 
were selected at random from among the five fingers remaining after the 
standard stimulus had been chosen, with the restriction that no figure could 
be used as a comparison stimulus more than three times in a row. 

Procedur e 

At the beginning of the first experimental session, R read orally 
instructions acquainting £ with the nature of the task. R was told that both 
speed and accuracy were Important in making his judgements. 

At the beginning of each session, Rs were given practice trials with 
figures at the level of complexity specified for that session. Practice 
figures generated from the three by three and five by five matrices were 
random, while practice figures generated from the other two matrices were 
redundant. Practice figures were not used In the experiment proper. During 



32 



o 

ERIC 










I 

I 



I 

I 

f 



I 




practice, £s were given immediate know i edge of resuits, and practice was con- 
tinued unti i a criterion of four consecutive correct responses was met. 
Foiiowing this, the thirty-six experimentai triais (eighteen with random 
figures and eighteen with redundant figures) that made up a session were 
administered without know i edge of resuits. 
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Two measures of performance were computed from the data of each S: 

(a) the percentage of correct identifications and (b) median response iateFcies 
for correct identifications. Mean percentages of correct responses for biind 
and sighted £s under aii experimentai treatments are piotted in Fig. 2. 

With the use of three response aiternatives per triai, Ss in the 
present study had to obtain accuracy scores of 59 percent or more^in order 
to demonstrate better than chance performance at the .Oi ievei for any biock 
of i8 triais. Examination of F ig . 2 reveais that on the average, Ss in the 
present study were abie to identify the stimuius patterns with a degree of 
precision for exceeding chance expectations. 

The percentages of correct responses .for each £ under aii conditions 
of the experiment were transformed into arc sines (Winer, i962) and the data 
were then treated by anaiysis of variance. Stat i st ica i i y significant effects 
were found between the biind and sighted groups (F = 8.02, df = i/46, p < .Oi), 
between complexity levels (F = 32.57, df = 3/138, p < .01) between sampling 
rules (F = 10.70, df = 1/46, p < .01). Further, the interactions between 
groups and complexity (F = 9.02, df = 3/138) groups and sampling rule (F = 7.74, 
df = 1/46) and complexity and rule (F = 6.49, df = 1/138), were also found to 
be statistically reliable (p < .01 in each case). 

In order to understand more clearly the implications of the various 
interactions, F-ratios were computed for differences between the blind and 
sighted groups at each complexity level and with figures constructed under 
each sampling rule (Winer, 1962). Additionally, separate analysis of 
variance and associated Duncan Multiple Range Tests (Edwards, I960) were 
performed on the data of the sighted and blind £s with respect to differences 
between complexities and sampling rules. An alpha level of .05 was set for all 
comparisons. Results are summarized below for each major dimension of the 
study. 

Blind vs. Sighted Ss - Blind ^s were more accurate than sighted Ss in Identi- 
fying patterns generated from the two lower complexity levels but no differ- 
ences between these groups were evident with the more complex patterns. 

Further, the superiority of response accuracy In the blind £s at the lower 
complexity levels was more pronounced with random than with constrained 
f igures. 

Sampling rule - The overall effects of sampling rule were negligible among 
the sighted £s. The blind £s however were able to identify random figures 
with a significantly higher degree of accuracy than constrained patterns. 
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Complexity - While overall performance accuracy tended to decline as a function 
of increments in stimulus complexity, the nature of the differences between 
complexity levels was closely tied to sampling rule In both blind and sighted 
^s . Using random figures, sighted ^s were able to identify patterns generated 
from the two lowest complexity levels with greater precision than figures generated 
from either of the two higher levels of complexity. Differences between the two 
lower complexity levels and between the two higher complexity levels were not 
statistically significant. Similar effects for complexity were noted for blind 
£s with the use of random figures with one except jon - in this group, patterns 
generated from the 3x3 matrix were identified more accurately than patterns 
generated from the 4x4 level of complexity. When constrained figures were 
employed, real differences in response accuracy as a function of stimulus com- 
plexity were not noted for the sighted £s. Among the blind ^s, differences in 
the precision of identification between complexity levels paralled those obtained 
with random figures among the sighted Ss. 



Means of median response latencies for blind and sighted Ss under all 
conditions of the experiment are shown in Fig. 3. Analysis of variance of these 
data indicated that response latencies to correct identifications were signifi- 
cantly shorter for the blind than for the sighted £s (F = 30.22, df = 1/46, 
p < .01) and that random figures were identified more rapidly than constrained 
patterns (F = 48.85, df = 1/46, p < .01). The analysis of variance also showed 
a significant main effect for complexity (F = 13.01, df = 3/138, p < .01) and it 
indicated that none of the relevant interactions were statistically reliable. 
Results of a subsequent Duncan Multiple Range Test revealed that patterns generated 
from the two lowest complexity levels were identified more rapidly than patterns 
from either of the two higher levels of complexity (p < .05 in each case). 
Differences in response latency between the two lower complexity levels and 
between the two higher complexity levels were negligible. 

Finally, in an effort to assess quantitatively the degree of similarity 
between the performance indices used in the present study, a product moment 
correlation was computed between the mean response time of each S over all 
experimental treatments and the mean percent of correct response~on all experi- 
mental conditions. The results indicated that 29 % of the variance in response 
time was associated with difference in response accuracy (F = -.54, df = 46, 

p < .01 ) . 



In the present investigation, an attempt was made to determine if two 
information parameters which had been shown to be critical variables in the 
perception of visual form were also applicable to the identification of tactual 
patterns. The general tendency found here, for performance efficiency to 
decline with increments in stimulus complexity and the overall trend toward 
greater performance efficiency with random than with constrained (Redundancy- I ) 
figures accords with findings regarding these variables using visual stimuli. 
Consequently, the outcome of the present study supports a previous conclusion 
drawn by Baker and Alluisi (1962), namely, that the information handling approach 
taps a single form perception process in man. Additionally, the results of the 
present investigation represent a further contribution to more general efforts 
aimed at the identification of basic perceptual mechanisms operating across 
various sensory channels through the study of perceptual analogies in different 
modalities (cf. Bekesy, 1959; Brown, Condon, C. F., and Hitchcock, 1966; 
Braumaghim and Brown, 1966; Gaydos, 1956; Hahn, I960; and Loeb, Behar and Warm, 
1966). 
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Fig. 3. Means of Median Response Times (in sec.) for 
Correct Identifications 
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Comparisons between blind and sighted ^s in the present study revealed 
two major differences: (a) overall performance efficiency for the blind was 
superior to that of the sighted and (b) the effects of sampling rule complexity 
on form identification appeared to differ in blind and sighted individuals when 
response accuracy was used as a dependent variable but not to differ when per- 
formance was indexed by response time to correct identifications. A plausible 
explanation for the overa I I . d i ff erence in performance efficiency between the 
blind and sighted groups can be based upon differences in prior experience in 
tasks requiring the recognition of tactual form. All of the blind Ss were 
ski I led Brai I le readers whi le this ski I I was absent among the sighted £s. In 
as much as the stimulus patterns used here were analogue to Braille patterns, 
it seems reasonable to expect a degree of positive transfer among the blind ^s 
with consequent superiority in performance for this group. It should be noted 
that such an explanation is consistent with an earlier attempt to account for 
the superior performance of blind, as compared to sighted, ^s in other tactual- 
perception tasks on the basis of disparities in initial practice levels (Hunter, 
1954). 



An important issue in research on form perception has been the question 
of the equivalence of different response measures (Adams, ^ £l_* > 1954; Hake and 
Rodwan, 1966; Michels and Zusne, 1966; Schiff and Isikow, 1966). While previous 
research has demonstrated a negative correlation between response latency and 
response accuracy (Austin and Sleight, 1952), response latency has been found to 
be a more sensitive measure in reflecting the effects of various experimental 
treatments (Baker and Alluisi, 1962; Fitts, £(1 aj_. , 1956). These relations are 
illustrated again in the present data by the correlation of -.54 between the 
dependent measures used here and by the fact that the effects of sampling ruie 
and complexity on the identification of metric forms in sighted £s was dependent 
upon the use of a performance criterion based upon response time rather than 
response accuracy. These findings suggest again that consideration be given to 
disparities between response measures in attempts to generalize from the results 
of different investigations involving the perception of form (Adams, et al., 

1954; Hake and Rodwan, 1966; Michels and Zusne, 1966). 

In addition to Implications for basic research, the present data have 
bearing on applied problems involved in the use of tactual patterns as cues in 
communication systems. Specifically, it has recently become clear that a need 
exists for revision of the Braille code to allow for more rapid reading rates 
and to permit the inclusion of technical symbols used in the various sciences 
(Rodgers, 1964). One means of achieving such a revision Is to expand the 
standard two by three Brai I le matrix and thus provide for the generation of an 
increased number of different patterns. The present data suggest that If 
symmetrical matrices are used maximum efficiency with respect to both the en- 
coding and decoding of information can be achieved with a four by four matrix 
size. 
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f COMPUTER PROGRAMMING AND THE BLIND 

[ Donald Bishop 



In April, 1965, the Computer Sciences Laboratory at the Uni vers i ty 
of Southern California began a training course for blind persons in the^ 
field of computer programming. The object of this course was to determine 
the feasibility of training blind persons at U.S.C. in this profession, and 
to ascertain the need for such a training program. 

Three students enrolled in this nine-month program; myself and 
two other men in their mid-twenties. Instructor for this course was Mr. 

Lyle Knowles, who was given a leave of absence from the IBM educational 
center in Los Angeles. Mr. Knowles is presently a doctoral fellow in the 
Department of Special Education at U.S.C. 

The course was designed to develop a good working knowledge of all 
assembler and compiler languages for the Hon'eywell 400 and 800 computers. 

In addition to this, time was spent on the basic concepts of assembler and 
compiler design, which included writing our own assemblers for the Honeywell 
400 computer. Operation and some maintenance of the computers and EAM equ i p- 
menf was also stressed. 
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Programming problems presented in the course were of a simple 
mathematical nature for programming in FORTRAN and of a business nature for 
COBOL. In the last six weeks or so, we were given problems approximating 
those encountered in job situations. As examples, one student wrote several 
programs for a church which wanted to automate much of its routine book- 
keeping. The other student and I jointly wrote an Information Retrieval 
System which is currently being used at the Instructional Materials Center, 
a central depository of information relative to available instructional 
materials for teaching handicapped chi Idren. 

In concluding this portion of,. my talk, I would like to discuss 
the results of the training program and our findings. 

I ^ graduation, one student was employed by the State of 

California in a Civil Service position. The other went on for further train- 
ing at the Systems Development Corporation and is now employed as a programmer 
analyst in the Los Angeles area. I am currently a lecturer in COBOL for the 
Mathematics Department at U.S.C., as well as systems analyst for the Department 
of Special Education. I wi I I discuss this in more detail later. 

2. It was found that great interest exists in California and the 
Western United States in the training of blind programmers, and that employers 
are actively interested in hiring blind persons for this type of work. 

3. An important factor in the employability of blind programmers is 
their independence, and no need of special considerations as far as equipment 
or personnel are concerned. As an example, Braille output from the computer 
is thought of i n many circles to be almost manditory. We have found that, 
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although convenient, it is not a necessity; in fact, sometimes it can be a 
deterent to employment when computer time is an important factor. Our find- 
ings show that through careful preparation of a program, the b I ind programmer 
need use the services of a sighted person for about one minute or so to read 
iagnostics and check output, and this can be done by anvone, whether they 
know programming or not. In this situation, the blind procrammer is respon- 
sible for knowing what he is doing and having his work carefully organized. 

It should be pointed out that programmers do spend time conferring with one 
another, and employee interaction is generally present. Such assistance by 
a sighied person, as I describe, easily falls within this area. When program 

output is too complex to be checked in this way, the programmer can have his 
hired reader do such work. 



4. We also found that it is as important for the blind programmer to 
keep up with new information in the field as it is for his sighted counterparts 
This usually entails hiring a reader, at one’s own expense. Note that such 
expenses are tax deductable and are wel I worth their budgetary commitment. 



5. We bei ieve that the blind person can compete on an equal basis 

with the sighted programmer. It should be remembered that one of the basic 

qualities needed to become a computer programmer is the ability to be creative 

and adapt to new situations. All the research we have undertaken has shown 

that no problems, relative to employment, were insolvable, and that most of the 
solutions to problems were found by the programmers themselves.. This conclusion 
IS based on our own experiences, as well as extensive correspondence between 
ourselves and other programmers throughout the nation. 



The training project no longer exists at the University of Southern 
California. It was discontinued due to the lack of physical facilities and 
insufficient personnel to warrant the expansion of the program, both necessary 
if it were to continue. 



In my remaining time, I would like to speak about our current work 
at U.S.C. on a Braille translation system. 



Partly as a result of our training project (of which I spoke earlier) 



Honeywell Corporation became interested in the construction of a printer 
connected on- I ine to a computer which would produce useable Brai I le, and a 
year ago they announced the development of such a deyice. It is a modified 
version of the Model 222 printer used with the Honeywell Series 200 computers. 
This printer produces Braille on heavy paper suitable for permanent usage. 

The Braille produced is comparable in quality to that produced by conventional 
means, and the machine is capable of printing at a speed of 250 to 300 Brai lie 
lines per minute on continuous form paper. 



The Computer Sciences Laboratory at U.S.C. currently has the only 
unit of this type in existence. Now that we have the equipment to produce 
Braille, our major job is to develop a translation system into Grade 2 Braille 
for the Honeywell H-200 computer. In October (1966), the University received 
a planning grant from the Department of Health, Education and Welfare to 
determine needs and system specifications for such a translation system with 
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our computer. I should point out here that, although systems do exist for 
translating Bra I lie by IBM' computers at the American Printing House for the 

marhii^ea'^'^nH^''^ M.I.T., the computer languages are different for these 
machines and each machine has features which' the others do not. 

At this time, we cannot set a compietion date for our transiation 
system, because our initiai pianning grant has just gone into effect. 

We feel our system of producing Braille does have great value. 

''r'- °! periodicals or other information which, 

importance at the time of request, might not be of long lasting 
value. ^ The advantages of on-line printing of Braille, over production of ® 

S I-® situation, seem obvious. Thus, it is not our 

' "n? P®’"9 Pone by printing houses, but to suppie- 

Im^^acticL ® Braiiie production which they may find to be 

I U • 'U ®!°®'n9. I would like to make it clear that the printer of which 
I speak IS designed to produce Braille nf textbook quality. This should not 
be confused with Braiiie output from computers, which is used by blind pro- 
grammers in their own programming work. This printer normaiiy produces ink- 
print output, and mod I f Icat Ion to produce Braille takes from five to ten 
minutes, an involvement ot far too much time to warrant conversion for short 
periods of time, as would be required by the blind programmer for his work. 

to ri Jmp reversed at the end of the Braille run 

to resume the normal printing mode, and this Involves another three minutes 
o r* So • 



For detailed Information on the Honeywell 
contact the Honeywell EDP directly at their offices 
Massachusetts. 
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COMPUTER PRODUCTION OF BRAILLE AT RNIB 



Cl i ve Wi ndebank 



I would like to extend the greetings of the Royal National Institute 
for the Blind to you all here, and to thank John for inviting me to attend and 
participate in the Conference. 

’ For some time, consideration has been given to the concepts of 
automatic Braille transcription in England, and we at RNIB toyed with the 
idea of hiring time on an outside computer, but this was argued out and 
never completed. Meanwhile, the problem of getting Braille transcribers 
worsened, and finally last spring IBM agreed to make available to us their 
1130 machine, if we considered that this would be suitable for automatic Braille 
transcription . 

Now, this being the case, I was recruited last July to make a hastey 
study of Braille with the English and the Americans; about a month ago I arrived 
in Louisville to make a close study of the program at the American Printing 
House for the Blind. For the next month, I will be here at M.l.T. and in New 
York making further studies of future developments and hopeful developments 
in the use of compositors* tapes, math programs, and so on. 

We intend to make our English program as compatible as possible with 
the American system; inputs and outputs will be the same, although the aero- 
graph we will be using will be creating solid dots. I hope as far as possible 
to use the same concepts, but they wi I I have to be modified to some extent 
because the 1130 is a small machine. It is a 16-bit word length machine, 8K, 
and I have 500,000 words of disc. But, by too much use of disc, it turns out 
it will be prohibitive as far as time goes, so I *ve got a lot of thinking to 
do along those lines; anyone who can give me a bit of advice. I’ll be very 
grateful for it. 

Our aim is to eventually produce 30,000 pages of Braille per year 
by automatic transcription, and I think from my preliminary estimate that 
we will be able to manage this. I’m hoping that, God willing, in about 18 
month.’s time we in England too will have a viable automatic Braille transcrip- 
tion system. 
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